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Thermal Analysis within Teamcenter 4PL

You can work within Teamcenter to perform an orbital
thermal analysis of a spacecratft.

Use existing NX parts and assemblies.

Create FEMs and Sims directly off of the parts in
Teamcenter.

Create assembly FEMs to match the assembly parts.
Map part FEMs onto the assembly FEMSs.

Import thermal couplings and loads from the lower level
Sims.

Define and display orbits.
Solve in Space Systems Thermal.
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You can build your thermal model directly on the NX parts so the
model will be associative, modular, accessible to other thermal
- History engineers, and under the configuration control of Teamcenter.

To begin:
Open Teamcenter and create a directory for your files.
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Open NX and the Assembly
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Select a Part
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Create a FEM and SIM AL
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- and Sim. For an orbital thermal model, choose
NX Space Systems Thermal as the solver.

@ New FEM...
el New FEM and Simulation...

& New Assembly FEM...

Tip: Be careful with your file names. You will
have an easier time finding things if you start
with the part name and add the CAE terms
“‘ideal”, “fem”, “assyfem”, “sim”, or “assysim”.
Using the existing part name helps later when
you map part FEMs to assembly FEMs. CAE
terms in the name help in the Simulation File
View where you won't see file extensions. Also

note that names in Teamcenter cannot be re-

used.
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Idealize and Mesh AL
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Idealize and mesh the part.
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Open the Sim APL
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Add Simulation Objects APl
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Add your Simulation Objects such as thermal
couplings and heat loads. You will later import
these into the higher level Sim.
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Create a New Assembly FEM APl
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click and create a New Assembly FEM.
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Map the Part FEM JBL
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Map All Part FEMs JBL

] File Edit View Insert Format Tools Assemblies Information Analysis Preferences Window Help

(Wysan- (7Y Wl &5 X ¥ % Command Finder 3 - 9y O [§ [F - & - @.@@@ - d. 80 &P =8,
@ % R D2 Ak A EPrArAv- BB .HE-L H «» B
1-E0 0. sBI?2N% HE « » & »l»lll-?’ﬁ’;ﬁ";ﬁ veEs A g,

[No Selection Filter [ [Entire Assembly bl €3 -0 @% % 13- |1

| < > [
& Simulation Navigator
Object Status Em
& rjk_SWOT Payload Module 2 .0m assyfem/Al | -
=-@ rhs_SWOT_Payload_Module_Assembly_2.0...
- ths_SWOT _thermal_panel_+y/A1 Tk SWOT L. |_
- (f ths_SWOT _thermal_panel_+y/Al rk_ SWoT .. |7
®-[F rhs_SWOT_Comm_Ant/Al SWOT Co...
N rhs_SWOT_Poseidon_Bracket_2/A1 Ignored
IE;‘-WDRW_DDRIS_ANTENNA_FDV/AW Ignored
- DRW_LASER_REFLECTOR_FOV/A1 Ignored
- rhs_SWOT_Panel_Bracket2 /Al Ignored . .
-~ N{rhs_SWOT_Panel_Bracket2/Al Ignored Keep mapping until your assemb|y
- rhs_SWOT_Panel_Bracketl /Al Ignored .
- Nirhs_SWOT_Panel_Bracketl /Al Ignored FEM is complete. You can replace
- rhs_SWOT_Panel_Bracket/Al Ignored g 8 B
¥ rhs_SWOT _Panel_Z2_2 0m/Al rjk_SWOT _. a pa‘rt FEM by rlght_CIICklng the .
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Create an Assembly Sim APl
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N rhs_SWOT_Panel_Bracket2 /Al Ignored
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. -@rjk_SWOT _solar_panel_PX_fem/A1
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B P4l save
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- 1jk_SWOT panel Py 2|7 Close
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=@ rjk_swot3 LHP cond2| B Find CAE Items

@ rjik_swot3 cond hpipe PY fem/Al click on the assembly FEM.
& rjk_SWOT _feed_PY_upper_fem/A1l
@ rjk_SWOT _feed_PY_lower_fem/Al
@ rjk_SWOT_feed_NY_top_fem/A1
- rjk_SWOT Feed -Y lower fem/Al
& rjk_swot3 LHP condensor PX fem/Al
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Import Simulation Entities APl

|
5 @ Simulation Navigator
# [object | Staws | Environment
2| |18 rjk_SWOT Payload Module 2.0m assysim/Al Defaultt NX =
i 2 & rjk_SWOT Payload Module 2.0m assyfem.. Update Pe.. Default NX| |
al #-@ rhs_SWOT_Payload_Module_Assembly_2_..
B ©-@ H§ SWOT Comm Ant assyfem/Al Default: NX
iq =g SWOT Panel +Z fem/Al Default: NX
N | @ @@ jk_SWOT panel -Z fem/Al Default NX
I &[4 jk_SWOT_panel -Y 2.0m fem/Al Default: NX
® @[ § rjk_SWOT Payload Structure assyfem/A1 Default: NX
: & [ rjk_SWOT panel PX 2 2m fem/Al Default: NX
o & [ rjk_SWOT panel NX 1 2m fem/A] Default NX
= ®-[Ag rjk_SWOT panel PX 1 2m fem/A1 Default NX|=

®- [P rjk_SWOT panel NX 2 2m fem/A1 Default: NX

= @ rjk_swot3 pallet NX fem/Al Default: NX

= @& rjk_swot3 pallet PX fem/Al Default: NX

= @4 rjk_swot3 LHP condensor PY fem/Al Default NX

- Mg rjk_swot3 LHP condensor NX fem/A1 Default NX

& fA 48 rjk_swot3 LHP condensor PX fem/Al Defaulr NX

© @ 0k SWOT Peed ¥ lower fem/Al | 1mport the thermal couplings

- @& rjk_SWOT_feed_NY_top_fem/A] . F
- [ rjk_SWOT_feed_PY_lower_fem/Al from the part Sims by I’Ight-

= B4 rjk_SWOT_feed_PY_upper_fem/Al | clicking the part FEM and

= @ J rjk_swot3 LHP cond2 assyfem/Al ; . )
& @4 1jk_SWOT panel PY 2.0m fem/Al choosing Import Simulation

®- @ rjk_SWOT HVPS pallet fem/Al Entities.
® @4 rjk_SWOT thermal panel PYP fem;‘m

J J J J J J / J

LEldUTl TNA

W= rjk_SWOT thermal pane
= CSYS
- Groups
~— MNCC Ate N !
< | 1 g ort Simulation Entities »
= = - “I2 Close
Simulation Search View & View Attributes M

Teamcenter Search Results
=& rjk_SWOT Payload Module 2.0m assyfem/Al
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Choose Names and Entities AP0
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E:E @ Simulation Navigator Source Simulation A
= rgtr]jjlfcstwm ayioad Vodule 7 01 Browse to the Sim that File Browser
F1 | @& rjk_swoT Payload Moduld COrresponds to the FEM. [—~[rik_swor thermal panel PYN sil[3)
ﬁ_ @;..@ rhs_SWOT_Payload_Modul Prepend any descriptive text String to prepend simulation entity names
| =-ME SWOT Comm Ant assyfe t (the default t [thermal panel PYN |
pid & M4 SWOT Panel +Z fem/A1 you wan ( € derault par
IN | @ @e jk_SWOT panel -Z fem/| name is usually too long). Import Entities A

# M rjk_SWOT_panel -Y 2.0m . s

© @ rjk_SWOT Payload Strud phoose which entities to ™ Loads _

@ @ rjk_SWOT panel Px 2 211 IMpPOrt. ¥ Constraints

@;...m@ rjk_SWOT panel NX 1 2hrremr—r CreTIUTC TV M Simulation Objects

'E'--D@r'J.k_S'v'uIOT panel PX 1 2m fem/Al Default: NX ™ Materials

@[ rjk_SWOT panel NX 2 2m fem/Al Default: NX -

=-Mad rjk_swot3 pallet NX fem/A1 Default: NX ™ Fields

E}E@ rjk_swot3 pallet PX fem/A1l Default: NX W) Modeling Objects

E}-E@ rjk_swot3 LHP condensor PY fem/Al Default NX ¥ Physical Property Tables

E}E@ rjk_swot3 LHP condensor NX fem/A1l Default NX

& M9 rjk_swot3 LHP condensor PX fem/A1 Default: NX b Groups

®- @ rjk_SWOT Feed -Y lower fem/Al Default: NX (¥ Regions

&M a@ rjk_SWOT _feed_NY_top_fem/Al Default: NX [ Solutions

=M@ rjk_SWOT _feed_PY_lower_fem/Al Default: NX

E}--E@ rjk_SWOT _feed_PY_upper_fem/A1l Default NX bl DOF Sets

@8 3 rjk_swot3 LHP cond2 assyfem/Al Default: NX f All On 1[ All Off ]

& [ rjk_SWOT panel PY 2.0m fem/Al Default: NX

% @4 k_SWOT HVPS pallet fem/Al Default: NX [—ok—][ Apply |[ cancel |

®-[a@ rjk_SWOT thermal panel PYP fem/Al Default NX

=M rjk_SWOT thermal panel PYN fem/A1 Default: NX

- CSYS (Filter - Off__.
- Groups (Filter : Off__. il
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@/ Map Remaining Assembly and Part FEMs JPL

MW NX 8 - Advanced Simulation - [(Assembly FEM) rjk_SWOT_10m_config_assyfem/Al (Modified) (1]

@ﬂEile Edit View Insert Format Tools Assemblies Information Analysis Preferences Window Help

@ysart- ) Y I 5 X 9 Y Command Finderyo> - X Iy ] @& -G (@O0 B F. G- S Ps0- =N
G ® %l T2 KT EF-Arav - l-B.H-L B oe» E.
O0-B6 P A~BI?2N% BAEe«» i« i » v m 00 @22 2y &

- wF b 50 @ -
[No selection Filter [w] [Entire Assembly b €® F- 0 @3 % U - 0

@ Simulation Navigator

Object Status Environment
& rjk_SWOT_10m_config_assyfem/Al Default: NX SP
=-& rhs_SWOT_10m_config_asm/Al
=& rjk_SWOT Payload Module 2.0m assyfem_.. Update Pe.. Default NX SP
- H rjk_SWOT_Bus_assyfem/Al Default: NX SP
=-M& rjk_SWOT Refl Array 10m +Y assyfem/A1  Update Pe_. Default: NX SP
=-M&] rjk_SWOT Refl Array 10m NY assyfem/Al1  Update Pe.. Default NX SP

= CS5YS (Filter : Off..
= Groups (Filter - Off__.
e Fields

Work your way up to the top-
level assembly FEM by
mapping lower level
assembly FEMs. You can
map any combination of part
FEMs and assembly FEMs.
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Import Entities from Sub-Assemblies | =R

W NX 8 - Advanced Simulation - [(Simulation) rjk_ SWOT_10m_baseline_assysim/Al (Modified) (1]

@A(]Eile Edit View Insert Format Tools Information Analysis Preferences Window Help

® % bl DEROLE X T €7 A20v-B-8. 0 9-0 «» i,

(1-H9 2. ABI?N% HEe» L1« "> 300 ca@@2 2 v o
[No Selection Filter [ [Entire Assembly W R e %™ - @

‘RIK_SWOT PAYLOAD MODULE 2.0M ASSYFEM' sele:

& @ Simulation Navigator
E Object Status Environment
QE:_ B rjk_SWOT_10m_baseline_assysim/Al Default: NX SP
L Eu--E_lc-_‘j rjk_SWOT_10m_config_assyfem/Al Update Pe._. Default NX SP
# #-& rhs_SWOT_10m_config_asm/Al
= el rik_SWOT Pavioad Module 2.0m assvf | Default:
®-8 & rjk_SWOT] 7] Make Displayed Part Default: NX SP
@M% 1jk_SWOT | %, Display Assembly FEM ~ » |Update Pe... Default: NX SP|
®-M& rjk_SWOoT Update Pe.. Default: NX SP!
- CSYS Import Simulation Entities kFi lter : Off__.
&5 Groups % Close Filter : Off...
-z DOFSets /& View Attributes.. Fil . . .
- Regions Fill Import the simulation objects

bl A | | from the lower level
®-p4& Simulation Object Container il . ) ;
@@ Load Container #N assembly Sims. Right-click
4§z Constraint Container Fill the assembly FEM and
®-@§ Soln SS Test . .
- B} Soln Beta 0 act Choose Import Simulation
~ @[ Simulation Objects (Fill Entities as you would a part.
-[@%z Constraint Set (Fil
®-[@Af Loads (Filter : Off...
®-[§ Soln Beta 45 NX SPACE SYS
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Prepare External Radiation | =

O W $ ol DuHEE 25 K1 -EF-Ar2Av-E-§-. 0-2 BH-«» TH.
[(1-H % 2. AHBI?2N% BHE«» L« M » n 8 IS0 c@BA Y .

No Selection Filter [w] [Entire Assembly v €% B)- o @ % ™ 13- [No method b » @
< ernal radiatio ) > |
— & Simulation Navi
imulation Navigator
% 9 Name v
Object Status Environment = =

= Top Side Region A
?:_ = -M& rjk_SWOT_10m_config_assyfem/Al Update Pe... Default: NX = B g
25l | @ ®rhs_SWOT_10m_config_asm/AT = I
Pa | 'E;'--Efﬂ rjk_SWOT Payload Module 2.0m assyf.. Update Pe_. Default NX @

& rjk_SWOT_Bus_assyfem/Al Default: NX |

= & rjk_SWOT Refl Array 10m +Y assyfem/_. Update Pe . Default NX|™

@-f& rjk_SWOT Refl Array 10m NY assyfem/... Update Pe... Default NX
- CSYS (Filter - Off_. -
= Groups (Filter - Off._.
-1 - External radiation top
- External radiation bottom
- Elements for plotting
- Surfaces for orbital plotting

Bottom Side Region

M Group Reference[ExtemaI radiation bottom
Filter Type [Polygon Face

« Select Object (2)

-5 - All elements
-6 - Baseline elements Create groups of external Element Selection Filtering
DOFS
= o e surfaces to use for both Excluded
® Fields radiation and orbital heating. Parameters
=-[A4 Simulation Object Container TS T T
[ e Orbital Heating Beta 0 Active ) Include Radiative Environment

Wl External radiation |Active | Calculation Method  [Hemicube Rendering
[[] @ Bus_SA_NX_solar_array_Honeycomb 1_. Active . -

View Factor Accuracy |Medium (128 x 128
[1 @ Bus_SA_NX_solar_array_Honeycomb 1. Active - Y[ ( )
-[@e Bus_SA_NX_solar_array_Honeycomb 1_. Active Element Subdivision |3

[7] Elements not Part of this Enclosure Can Shadow

Al
Ham |, <i<Elam; <[E)

P r S e Maer CA RV enloe cewmie | lmanmseon ey A oaieen

< | 1l | b
Simulation File View = Card Name Enclosure Radiation
Session A [—oKk—|| Apply || cancel |

=@ rjk_SWOT Payload Module 2.0m assysim/Al El
= rik_SWOT Pavload Module 2 0m assvfem/Al
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Prepare Orbital Heating

u o mmg e 1 2 _ % - - v = e P e
-8 8 5. &1 |7 - A B &« o EEN el - TR o
[No Selection Filter [w] [Entire Assembly el €% Bl- o @ % ™ T - [No method b » @
Select region illuminated on top side
1 < || Orbital Heating Beta 45 HIEW i
. . . ]
®  Simulation Navig Y
W Name Bl orbit Visualizer ==y X
e RARA 10 | [Orbital Heating Beta 45 || File View Mode
[[1@ RA_RA 101 | Label
1o g ¢ ' ¥ )
@ o Beta 0 by si . 4 : i S A £ - . l-I-b Q L
Oe D cuphion 4 & I @ =12 eV 12 HHH
@e solaramy & Top side lluminated Region
[@ o Orbital Hea| —

@ o Orbital Hea | & Group Reference [Extemal radiation top

@o PM_Panel + | Filter Type Polygon Face: Define and dlsplay
the orbit.

[ o PM_Panel + ;
@ o PM_panel -2 « Select Object (40)

[[@ o PM_panel -\ Excluded —I
[@ o PM_panel -y
[ o PM_CCHP P| Bottom Side llluminated Region

@o PM_CCHP P :
Do pM_CCrp pl | M Group Reference [Extemnal radiation bottom |

@ o PM_CCHP N | Filter Type Polygon Face |
o PM_CCHP P | o select Object (2)

[ o PM_Feed -Y|

@ o PM_feed_NY || Excluded "I
[@ o PM_feed_PY . -

O o PM_feed_PY Orbit Selection

@ o PM_Feeds 1| | orhit and Attitude Parameters Beta 45 Orb
[1 o PM_Feeds 1 N

(el [e @[5t [F[px]]

] |, ot ' Parameters

- i i o Calculation Method Deterministic

o\| Simulation File View =
———| | Element Subdivision 3

Session
=G rjk_SWOT Paylq View
=- 8 rjk_SWOT Pa

(B ]

—3

|D @& rjk_SwoT . i . . S

= & rjk_SWOoT m Time: 0.000000 [Ascending Node / Calculation Point #8] (Within Umbra)

o & rjk_swoT || Ambient Light Animation
@ rjk_SWOT | Card Name Selected Elements Orbital Heating I —— 1 —
A rjk_swot3 1 |_| |_| ‘_| |_|

& rjk_swo oK Apply |
& rhs,swo—l

@ rjk_SWOT _feed_PY_upper_fem/Al —
& rilk SWNT faad PY lawer fam /A1 ﬂ | " _Lg

Nl 0 |
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Solve and Examine Results

O 0. PHI? % AR « » i

No Selection Filter [w] [Entire Assembly bt -0 &% % T
| < > |
@ Post Processing Navigator
Name Description

®

Increment 119, Time = 6.216e+004 §
Increment 120, Time = 6.222e+004 §
Increment 121, Time = 6.228e+004 s

®

5| 7 |2

®

FA 1 & increment 122, Time = 623464004 5
»d ®-Increment 123, Time = 6.240e+004 s
E‘zii‘ - Increment 124, Time = 6.246e+004 s

®

Increment 125, Time = 6.252e+004 s
Increment 126, Time = 6.258e+004 s
Increment 127 Time = 6.260e+004 s
#-f Temperature - Nodal
=B Temperature - Elemental
Scalar

- Max Temperature - Elemental
- Min Temperature - Elemental
- Time at Max Temperature - Elemental
#-f Time at Min Temperature - Elemental
@@ Total Heat Load - Elemental
@-f Total Heat Flux - Elemental
9 rjk_SWOT Payload Module 2 Om assysim-Al

o@jsoln 1 NX SPACE SYSTI
2] Imported Results
EEl Viewports
=- [l Fringe Plots

gL Postviewl [(MASTER) Temp]
@y Templates

&3-Y cutting plane, displayed

&3 Cutting plane -10 to 50

&3 Cutting plane for pallets

®

&3 Eccosorb for Ami

& For Ami 2

&3 Structural -10 to 50

&1 Structural -100 o +100
&9 Structural -100 to 80
&7 Structural -130 to 30
&3 Structural -50 to 30

&3 Structural X

< | 1] »

&3 Cutting plane _

1l

1]

Preview

rk_SWOT_10m_baseline_assysim_Al | Scln Beta 45 Result
Load Case 1, Increment 83, Time = 6.000e+004 s
Temperature - Elemental, Scalar

Min : -89, Max : 142, Units = C

60
- 50
40

— 30

E

Create temperature contours,
temperature plots, and heat
load reports.
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@ Summary APl

* You can work completely within Teamcenter to build and
solve an orbital thermal model.

* Your model will have a one-to-one correspondence to
the parts and assemblies of the CAD model.

* You can input thermal couplings and loads at the part
and assembly levels.

« Orbital thermal analysis is performed with Space
Systems Thermal.
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@ Where does this lead? AL

« NX parts are associated to the thermal model. An update
to an NX part propagates automatically, with your
permission, to the top level assembly FEM.

— This will allow you to quickly assess the impact of design
changes

* The thermal analysis will be linked to the mechanical
parts.

« Assembly FEMs are modular.

— You should be able to divide a spacecraft among several
engineers for simultaneous analysis.

 This leads to concurrent enqgineering.
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